A histochemical study of hydrolytic enzymes such as acid phosphatase and beta-glucuronidase was made on cultured brain tumor cells. Well-differentiated astrocytic cells, oligodendroglioma cells, and medulloblastoma cells showed low activities. Migrating cells and macrophage-like cells showed intense activities. Meningioma cells and schwannoma cells showed relatively intense activities at the early stage of cultivation. At the aged stage, the former showed a characteristic pattern of reaction products. The intensity and distribution of beta-glucuronidase were similar to those of acid phosphatase in cultured brain tumors. The relationship of hydrolytic enzymes to cellular differentiation and viability was discussed.
Introduction
Hydrolytic enzymes, especially acid phosphatase have frequently been studied in tissue sections of brain tumors.") Some authors', '-9, 3,'4 20) have noted that acid phosphatase activities are associated with regressive changes in brain tumors. Others',",") have suggested a relationship between acid phosphatase activities and cellular ribonucleoprotein synthesis. For investigations of enzymatic activities of tumor cells, cultured cells may be preferable to tissue sec tions. Hydrolytic enzymes of cultured brain tumors have rarely been studied.10) In different cell lines and various stages of cell growth, cells cultured by the monolayer technique were histochemically studied for acid phosphatase and beta-glucuronidase.
Materials and Methods
Tumor tissues were obtained at craniotomy and minc ed aseptically with scissors into small fragments (1 mm'). Cultivations were made in Earle's flasks and incubated at 37°C. Exchanges of the nutrient medium, which contained minimum essential medium (GIBCO Laboratories, New York, U.S.A.), fetal bovine serum (GIBCO Laboratories, New York, U.S.A.), and kanamycin (80 y/ml), were made every five days. Selected cultured cells on cover glasses at various stages of cultivation were rinsed with Dulbecco's phosphate buffered saline (GIBCO Laboratories, New York, U.S.A.) and fixed in neutralized formol calcium for 30 minutes at room temperature. After washing of fixed cultured cells in distilled water, histochemical reactions were made, 3>a,"> following the method of Barka , with alpha-naphtyl phosphate and hexazonium pararosanilin at 37°C for 60 minutes. Nuclei were stained with hematoxylin. Histochemical reactions of beta-glucuronidase were also made, based on the method of Hayashi,12) with naphtol AS-BI beta glucuronidase and hexazonium pararosanilin at 37°C for 30 minutes. Nuclei were stained with a 1 % solution of methyl-green. This study included 4 astrocytomas, 6 glioblastomas, 1 oligodendroglioma, Fig. 1 (Fig. IA) . These cells contained low acid phosphatase activity. At the aged stage (over 2 weeks), moderately activat ed astrocytic cells with stout processes were conspic uous (Fig. 113 ). Astrocytic cells with rich cytoplasm, which were supposed to be well-differentiated, show ed little acid phosphatase activity.
Glioblastoma: Cultured cells were composed of various cell shapes. The enzymatic activities of each cell varied. Multipolar astrocytic cells showed low ac tivities ( Fig. 2A) . On the other hand, large mesen chymal cells showed moderate to intense activities. Migrating cells from explants contained intense reaction products (Fig. 2B) . Multinucleated giant cells showed moderate activities which were distribut ed to the perikaryon (Fig. 2C) .
Oligodendroglioma: Cultivated cells had round nuclei and delicate multipolar processes. Some slender cells were seen. Most cells showed low ac tivities. No specific pattern of activity was noted (Fig. 3) .
Medulloblastoma: Small, round cells with a nar row rim of cytoplasm were frequent. These cells show ed low activities. Among them were scattered large mesenchymal cells with moderate acid phosphatase activity (Fig. 4) .
Meningioma: At the early stage of cultivation, migrating cells or microglia-like cells were frequent. These cells showed moderate to intense acid phosphatase activity (Fig. 5A) . At the aged stage, a characteristic pattern of acid phosphatase reaction products was revealed. Namely, intense, coarsely granular reaction products were distributed to the perikaryon or diffusely in the cytoplasm (Fig. 5B) .
Schwannoma: Like meningioma, at the early stage, microglia-like cells were frequent. Enzymatic activities of these cells were intense (Fig. 6A) , and reaction products were distributed diffusely in the cytoplasm.
At the aged stage, cultured cells with delicate processes ran in parallel. Enzymatic activities were quite low (Fig. 6B ). This pattern was quite different from that of meningioma.
Malignant lymphoma: Cultured cells, including macrophages, showed the most intense acid phosphatase activity among cultured brain tumors (Fig. 7) . Reaction products were globoid and distributed diffusely in the cytoplasm. Mitotic cells: In general, mitotic cells showed moderate activities throughout division. However, mitotic cells of medulloblastoma case showed low acid phosphatase activity. Reaction products of mitotic cells were homogenous and distributed diffusely in the cytoplasm (Fig. 8) .
II. Beta-glucuronidase
The intensity and distribution of beta glucuronidase in cultured brain tumors were general ly similar to those of acid phosphatase as shown in a meningioma case (Fig. 9) .
Discussion
In our investigations in cultured glioblastomas, various cell shapes were seen, and the acid phosphatase activity of the cells varied. Among these cells, well-differentiated astrocytic cells showed low activities, and no specific pattern of reaction products was revealed. Multinucleated giant cells showed moderate to intense acid phosphatase activity. Similar to well-differentiated astrocytic cells, our cultured isomorphic oligodendroglioma cells show ed low activities and no specific pattern of reaction products.
Isomorphic oligodendroglioma has been considered to be benign and well-differentiated. These suggest that the activity of acid phosphatase is related to the differentiation of cultured cells. Mitotic cells and spongioblast-like cells contained moderate to intense diffuse acid phosphatase activity in the cytoplasm. On the other hand, multinucleated giant cells, considered to be in regressive change, contained reaction products distributed to the perikaryon. The intensity and distribution of acid phosphatase might be related not only to differentiation but also viability of cultured cells. 
